Abnormal pressure plays an important role in the pathogenesis of diabetic foot ulcers (DFU). Failure to relieve pressure is one of the most important reasons for non-healing of DFU. Adequate pressure relief is important both for the healing of ulcers and even after healing to prevent recurrence. There are various ways abnormal pressure can be distributed both to promote healing and also to prevent recurrance. In this article we review recent advances in redistributing pressure from foot that had developed DFU secondary to abnormal pressure from deformity due to Charcot neuroarthropathy.
Introduction
Diabetes Mellitus is estimated to affect 246 million people worldwide 1 and 10-15% of these subjects will develop diabetic foot problem at some stage in their life. 2 In a recent survey, around 2.8% of all diabetic subjects had diabetic foot problems. 3 Non-traumatic lower limb amputation is 86 times more common in subject with
Fig 1:
FC's foot deformity due to Charcot neuroarthropathy. Note the bony prominence in the left foot with tendency of foot eversion giving increased load to medial side of the foot.
Fig 2:
The stance phase of the gait cycle. During contact phase hindfoot strikes the ground. During midstance whole foot is in contact and during propulsuion forefoot is taking the load of whole body.
diabetes than age matched general population 4 and almost all of them are due to diabetic foot problems. Therefore, a considerable amount of resource has been, and will continue to be placed on the prevention and treatment of the diabetic foot ulcers.
Abnormal pressure plays an important part in the patho-genesis of DFU. Failure to relieve pressure is one of the most important reasons for non-healing of DFU. FC weighed 98 kg and wore size 10 shoes with a surface area of 130 square cm. Therefore, on standing he was exerting 0.75 kg/square cm of pressure in his feet. When he walked the weight would pass through various part of the foot as per gait cycle. 5 The gait cycle is a complex, coordinated series of movements, but can generally be divided into 2 components: the stance phase (60%) and the swing phase (40%). It is the stance phase, when the foot is in contact with the ground, that is of particular interest with regard to diabetic foot.
The stance phase consists of 3 parts; (Figure 2 ) Contact phase the hind foot strikes the ground Mid-stance phase full forefoot loading to heel lift Propulsion phase maximum forefoot loading
Ground reaction forces (GRFs) act on the foot when exposed to the ground. These are vertical (absoloute) and horizontal (shear stress parallel to the foot skin). The GRFs peak during initial contact and forefoot loading when the surface area of the foot in contact with the ground is reduced. Therefore the highest plantar pressures are observed during the initial contact and propulsion phases.
Fig 3:
FC's Charcot neuroarthropathy showing evidence of abnormal pressure secondary to deformity. Note callus which has been debrided and a small superficial ulcer underneath the callus over the great toe which healed within two a weeks. Unfortunately, due to deformity caused by Charcot neuroarthropathy, 6 FC had abnormal pressure areas on the plantar surface of the foot mainly on the mid plantar surface and the great toe which took most of the pressure during gait cycle ( Figure 3 ). Therefore, during walking the pressure exceeded 5 kg/square cm which exposed him to the risk of ulceration. This has been prevented by regular debridement of the callus and specialist orthotic foot wear. Studies have shown that despite successful healing of diabetic foot ulcers the recurrence can be as high as 30% in one year. 
Assessment of Pressure
The most important assessment for pressure is clincal examination of the foot and the shoe patient is wearing. Clinical examination should involve inspection for ulcers and presence of deformity, palpation of pulses and examination for neuropathy using 10 gm filament. It is very important to look for the presence of callus which are the signs of abnormal pressure and are precursor to ulcer. Table  1 shows what should be assessed in this examination. 
Treatment
Having assessed the foot, it is important to releive pressure in order for ulcer to heal and prevent future ulcerations.
If there is ulcer
The benefit of removing pressure from a neuropathic foot ulcer (i.e., reducing mechanical stress, or off-loading) is well established. 9 Techniques for removing pressure include the use of total contact cast, Aircast pneumatic walker, DH pressure relief walker, depth-inlay shoes, half shoes, sandals etc. Total contact cast (TCC) is a safe and effective way of off-loading the ulcer and is considered to be the standard treatment for neuropathic ulcers. 10 FC had been treated with total contact cast when he developed neuropathic foot ulcer and that healed within 4 weeks.
When there is no ulcer
Once the ulcer was healed in FC's case, it was important to relieve pressure to prevent recurrence of ulcer. It is important to note that pressure can only be redistributed, never removed. Therefore, the primary objectives of pressure treatment is to redistribution it by devices in order:
 To provide cushioning by reducing shock and shear  To accommodate the foot by redistributing plantar pressure to below the level of the threshold of ulceration  To realign mechanically imbalanced structures  To stabilize or unload rigid or deformed structures
Footwear
In a recent study it was found that 83% of diabetic subjects did not wear appropriate footwear. 11 In subjects with foot problem extra-depth shoes are the mainstay of prescribed footwear and are designed with two main purposes; to have sufficient space to allow a simple or specialized insole to be placed, and to have space to ensure that the dorsum of toes are not pushed against the upper of the shoe. This accommodates for plantar deformities and dorsal deformities respectively. They are made of soft leather, are generally seamless, wide and deep with a large toe box. Shoes should be well fitting and have laces or velcro strap so that various parts of the foot are held at appropriate sites. There may be a need to modify shoes from the outside to accommodate severe deformities. Similarly, there may be a need for above ankle boot to stabilize ankle joint and to hold foot deformities in its designated space. FC has been supplied with such pair of shoes which accommodates his deformity of the left foot ( Figure 4 ).
Insoles
It is important to mention simple insoles as a mechanism of cushioning, absorbing shock and reducing shear. However, they are often inadequate for the needs of the very high-risk foot with severe deformity as they do not redistribute force and can 'bottom out' with use. Total Contact Insole (TCI) is a long term and practical method of mechanical management and can achieve the objectives stated above. It is custom-moulded according to the plantar morphology of the patients foot using phenolic foam to create a foot impression from which a custom made insole is made. 12 TCI's can also be used in ordinary shoes, healing sandals and removable cast walkers. FC had been supplied with TCI as a measure to redistribute the pressure and to reduce shear strain on walking ( Figure 5 ).
Modification of soles
Most often, no modification of soles is needed. However there may be a need of rocker soles. These are designed to spread fore foot loading pressures over the entire plantar surface. The rocker is positioned to reduce ground reaction force at areas of high pressure by moving the centre of pressure proximal to a high pressure site. This modification also aims to speed the heel to toe progression during the gait cycle. Modified temporal sequencing reduces the time that forces act on any area of the foot. Similarly, Metatarsal pads and bars can be used either inside the shoes or outside. This can provide load relief at a bony prominence. Their exact location is critical to their effectiveness and so prescription can be difficult. It has been shown that a 5 mm difference in positioning can markedly affect the load relief provided. 13 FC had significant deformity due to Charcot neuroarthropathy on the left side with a high pressure area over the mid foot so a rocker was provide in that side ( Figure 6 ).
Surgery
Surgical treatment can be minor one such as debridement of callus to major operation to correct deformity. Callus formation occurs as a result of tissue damage to areas exposed to repeated pressure. These are superficial hard areas of skin often overlying an ulcer. Haemmorhage into the callus indicates a 'preulcerative' lesion. An observational study reported that the increased risk of ulceration in an insenstitive foot with a callus was 77-fold. 14 Regular debridement of callus could reduce plantar pressure and reduce ulceration.
The therapuetic use of liquid silicone injections in the foot has been suggested to improve cushioning at callus sites and localized painful areas. A placebo controlled trial showed that this decreased peak plantar pressure and callus formation and increased plantar tissue thickness. 15 It can be seen that the cushioning effect is still significant at 1 year following the injections, but at 2 years follow up the cushioning properties reduce suggesting that regular injections may be required. It would seem likely that these results would help prevent the risk of foot ulceration, although this needs to be confirmed in further trials.
Achilles tendon lengthening is a procedure to increase ankle dorsiflexion which is thought to help decrease forefoot plantar pressure, hence reducing ulcer formation. Many trials have shown this to have a positive effect. One such study evaluated dynamic pressures on the forefoot of 10 diabetic patients known to be at risk of ulceration due to previous ulcers. Analysis of the data before surgery and 8 weeks after showed that mean peak pressure on the plantar aspect of the forefoot decreased from 86 kPa to 63 kPa. 16 Metatarsal head resection has shown numerous positive outcomes in altering bone deformity of the rheumatoid foot, but there has been little evidence to show that this improves the prognosis of the diabetic foot. However, one study analysed plantar pressure distribution of 16 diabetic patients before and after surgery and concluded that there could be scope for such a technique in diabetic foot management. 17 Charcot foot reconstruction surgery can have a role in the management of chronic CN if there is a marked instability, fixed deformity or a recurrent ulcer. Internal fixation shows positive results but can have complications such as infection and vascular insult. More recently, external fixation has been shown to provide rigid immobilization and normal weight bearing stress with reduced soft tissue dissection.
18

Conclusion
It is known that abnormal pressure plays a crucial role in the development of an ulcer. However, it is not clear about the relative contribution of different aspects of biomechanics such as direct pressure, shear stress, activity volume and patient compliance. An 'active' person takes on average 10,000 steps per day which give substantial stress to the feet. 19 An understanding of foot biomechanics is essential to the clinicians involved in diabetic foot management, and if rates of amputation are to be reduced then biomechanical intervention inevitably needs to be implemented for a patient to gain maximum benefit. FC had active biomechanical management which had an extremely positive effect on the health of his foot.
